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(57) Abstract: This invention relates to the manufacture of optical 
fibres, and more particularly to the manufacture of polymer optical 
fibres. The invention has particular application in relation to the man- 
ufacture of poled polymer optical fibres. One aspect of the present 
invention provides a method of forming an optical fibre, the method 
comprising forming one or more holes at predetermined locations in 
a polymeric preform, locating an elongated inclusion in said one or 
more holes, and subsequently drawing the preform to form a length 
of optical fibre including said inclusion. In one embodiment of the 
invention used in the manufacture of poled polymer optical fibres, the 
preform is a unitary polymer body and holes are formed in the poly- 
mer preform by means of drilling. Elongated inclusions in the form of 
metallic wire are located in the holes and the polymer body and wire 
are subsequently drawn to form a polymer optical fibre incorporating 
the wire inclusions. 
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TITLE: INCORPORATING INCLUSIONS IN POLYMER OPTICAL FIBRES 

FIELD OF THE INVENTION 

This invention relates to the manufacture of optical fibres, and more 
particularly to the manufacture of polymer optical fibres. 
5 The invention has particular application in relation to the manufacture of poled 

polymer optical fibres. It should be noted however that the invention is not limited to 
this particular field of use. 

BACKGROUND OF THE INVENTION 

Any discussion of the prior art throughout the specification should in no way 

10 be considered as an admission that such prior art is widely known or forms part of 
common general knowledge in the field. 

There are many applications where it is necessary or desirable for an optical 
fibre to be formed from a combination of two or more materials. For example, 
"poled" optical fibres comprising a glass body and a metallic wire inclusion are an 

15 active area of research. Their main application is in allowing the application of an 
electric field to the optical fibre in order to achieve an electro-optic effect. This also 
has the result of increasing the nonlinear optical response of the optical fibre. In glass 
fibres this is used to produce 'permanent' (ie. long term) effects, however, transient 
effects caused by the application of an electric field may also be useful for 

20 applications such as switching. 

There are a number of known methods for manufacturing poled optical fibres. 
In one method, wires are mechanically inserted into the fibre after drawing the fibre. 
Other methods of inserting wires include drawing liquid metal into pre-existing holes 
in fibres using capillary action. However, the known techniques for producing 

25 inclusions in optical fibres have a number of shortcomings. For example, it is difficult 
and/or uneconomic to produce relatively long continuous lengths of optical fibres 
incorporating such inclusions. 

It is therefore an object of the present invention to overcome or ameliorate at 
least one of the disadvantages of the prior art, or to provide a useful alternative. 
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SUMMARY OF THE INVENTION 

A first aspect of the present invention provides a method of forming a polymer 
optical fibre, said method comprising forming one or more holes at predetermined 
locations in a polymeric preform, locating an elongated inclusion in said one or more 
5 holes, and subsequently drawing said preform to form a length of polymer optical 
fibre including said inclusion. 

Unless the context clearly requires otherwise, throughout the description and 
the claims, the words 'comprise 5 , 'comprising', and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 
10 sense of "including, but not limited to". 

A second aspect of the present invention provides a method of forming 
a polymer optical fibre, said method comprising forming one or more holes at 
predetermined locations in a polymeric preform, inserting relatively low melting point 
metal into said one or more hole(s), and subsequently drawing said preform to form a 
15 length of polymer optical fibre including said metal. 

A third aspect of the present invention provides a method of forming a 
polymer optical fibre, said method comprising forming one or more holes at 
predetermined locations in a polymeric preform, inserting a liquid material in said one 
or more hole(s), and subsequently drawing said preform to form a length of polymer 
20 optical fibre including said liquid material. 

In one preferred embodiment, said liquid material is photo-curable. In this 
embodiment, the liquid material can be photo-cured to a solid after the drawing of the 
polymer preform. 

A fourth aspect of the present invention provides a method of forming a 
25 polymer optical fibre, said method comprising forming a hole at a predetermined 
location in a polymeric preform, locating an elongated inclusion in said hole, filling 
the remaining volume of the hole with a photo-curable liquid, drawing said preform to 
form a length of optical fibre including said inclusion, and curing said photo-curable 
liquid so that the inclusion is integrated with the polymer. 
30 A fifth aspect of the present invention provides a method of forming an optical 

fibre, said method comprising forming a fibre core, and subsequently casting a second 
material around said core to form the optical fibre. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The various aspects of the present invention will now be described in further 
detail, by way of example only, and with reference to the accompanying drawings in 
which: 

5 Fig. 1 is an illustration of a polymer preform design used in the manufacture of 

polymer optical fibre according to the present invention; 

Fig. 2 is a schematic illustration of a primary oven used in the manufacture of 
polymer optical fibres in which a polymer preform is drawn into a cane; 

Fig. 3" is a schematic illustration of a secondary draw process in which a polymer 
10 cane is drawn into a length of polymer optical fibre; 

Fig. 4 is a schematic illustration of a spooling arrangement for the introduction 
of wire inclusions into the optical fibre during the drawing process; and 

Fig. 5 is an end view of a polymer optical fibre incorporating a pair of 
electrically conductive wires manufactured according to the present invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 

In the method according to the first aspect of the present invention, one or 
more holes are formed at predetermined locations in a preform formed from an 
optically suitable polymeric material such as polymethylmethacrylate. Preferably the 
preform is a unitary polymer body. The hole(s) may be formed in the polymer 

20 preform by a number of techniques, including drilling or casting. Typically the hole(s) 
are round, although alternative cross-sections are possible. The hole(s) extends 
through the preform in the direction in which the preform is to be drawn. An 
elongated inclusion of another material is located in the hole(s), the material being 
determined so as to provide desired properties in the resulting optical fibre. In one 

25 preferred embodiment the elongated inclusion takes the form of metallic wire. The 
polymer preform is then subjected to a drawing process to form a length of optical 
fibre including the inclusion. 

In one embodiment , the polymer preform is drawn into an optical fibre in a 
two-stage drawing process. The preform is drawn to an intermediate stage, known as 

30 cane, and then into a fibre in a second drawing process. The second drawing process 
of cane to fibre may require some preparation steps, such as sleeving the cane to 
increase its external diameter or annealing so as to remove residual stresses. In the 
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case of poled fibres, the wire inclusions which form the electrodes are preferably 
introduced into the polymer body at the cane stage. If the inclusion is fixed at one end 
and free at the other, it can then be spooled into the fibre during the drawing of the 
preform. This method can be employed to include wires or fibres of another material 

5 that has a higher processing temperature than the polymer. Such inclusions may 
include glass fibre for example, or a doped material that could not be drawn with the 
fibre because of incompatible rheologies. If care is taken to optimise the conditions it 
is possible to reduce the air gap surrounding the inclusion to a negligible amount and 
obtain a sufficiently close fit between the polymer and the inclusion. 

10 This technique has been successfully demonstrated for incorporating wire into 

a microstructured polymer fibre. In this case, a polymer preform of diameter 12.5 mm 
and length 150 mm was drilled with a centrally located axially extending hole of 
diameter 2 mm. A length of tungsten wire of diameter 25|am was fed through the hole 
and secured at one end of the preform. The preform was then drawn at a temperature 

15 of approximately 175°C, a draw speed of around 6 metres per minute, and a feed rate 
of approximately 4 mm per minute. This resulted in a fibre in excess of 25 metres in 
length and with a diameter as low as 100 microns. This occurred without any fracture 
in the tungsten wire. 

In another example, an array of holes was drilled into an annealed 65 mm long, 

20 80 mm diameter polymethylmethacrylate (PMMA) preform. The pattern of holes that 
was drilled into the preform is illustrated in Fig. 1 and included a centrally located 
hexagonal array of 1 2 mm diameter holes with a centre-to-centre spacing of 1.5 mm. 
These holes formed the microstructure of the resulting optical fibre. Two 10 mm 
diameter holes were placed either side of the central array, 14 mm from the centre so 

25 as to allow for the introduction of wire electrodes into the polymer body during the 
drawing process. 

The drawing of the polymer preform into a length of optical fibre occurred in a 
two-stage process. A primary oven consisting of a metal cylinder in which the preform 
was suspended, is shown schematically in Fig. 2. The preform was hung near the top 
30 of the cylinder by a pair of crossed Teflon rods. The top and bottom of the metal 
cylinder were covered. 
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The preform was drawn to a cane by a slow heating process in which the 
temperature was gradually increased to 210°C over a period of approximately 6 hours. 
This temperatures is well above the glass transition temperature of PMMA, which is 
~115°C. 

5 The preform dropped slowly under its own weight. The covering on the top of 

the metal cylinder was removed when the temperature was increased to 190°C after 
about 3 hours to ensure that the preform did not deform and break away from the 
support rods. The bottom of the cylinder remained covered until the preform has 
dropped tothe level of the second ring of air holes. 

10 The neck-down region of the dropped preform was cut off, as well as the 

bottom, and several pieces of cane with diameters suitable for drawing into fibre were 
obtained. 

It was at this stage that tungsten wire was threaded through the two larger 
holes on either side of the central array. Tungsten was chosen as an electrode material 

15 due to its properties of high strength, high melting point and resistivity to oxidation. 
The tungsten wire was in diameter and supplied in spools of 500m lengths. . 
The two large holes in the cane were of approximately 1 mm diameter, enabling the 
tungsten wires to be threaded through the holes. 

The secondary drawing process is illustrated in Fig. 3 and involved a second 

20 oven in which the cane was heated to temperatures of about 210-230°C. Heating was 
via impingement heating using hot nitrogen entering the oven by a circular array of 
holes, to ensure even diameter in the resulting fibre. This formed the 'hot-zone', 
which is the area where the temperature is greatest and necking occurs. A pre-heat 
zone formed by the incorporation of a glass cylinder on top of the oven, which is 

25 necessary so that the preform can heat up gradually and thus uniformly. 

A feed motor controlled the rate at which the cane entered the oven. The 
diameter of the final fibre depends on the rate at which the cane is fed into the oven 
and the rate at which fibre is pulled out via the capstan. Typical values of the feed and 
draw rates are 2 mm/min and 3 m/min respectively. The diameter was measured by a 

30 laser gauge. The secondary draw process was computer controlled and allowed for 
the fibre diameter to be controlled by a feedback loop between the laser gauge and 
capstan speed. 
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Fig. 4 illustrates a spooling apparatus used to facilitate the drawing of 
electrodes into the fibre. The spools are free to rotate on a shaft that is fixed with 
respect to the device. Initially the wires were taped to the bottom of the cane, which 
fixed them sufficiently that they did not recede into the fibre during drawing. Fig. 5 

5 depicts the resulting optical fibre incorporating a pair of tungsten wires located on 
opposing sides of a centrally located microstructure. Advantageously, long 
continuous lengths of polymer optical fibre incorporating wire inclusions could be 
produced in this way. 

In the second aspect of the invention, relatively low melting point metals are 

10 inserted into a polymer preform prior to drawing. For example, by using a low 
melting point metal such as indium or gallium it is possible to produce preform in 
which the polymer and metal can be drawn together. One or more holes are formed at 
predetermined locations in a polymeric preform. Preferably the preform is a unitary 
polymer body. The hole(s) may be formed in the polymer preform by a number of 

15 techniques, including drilling and casting. The hole(s) extend through the preform in 
the direction in which the preform is to be drawn. The metallic inclusion may be 
incorporated into the polymer preform by a number of methods such as casting or 
injection into a suitable cavity. When the preform is heated to its drawing 
temperature, the metal inclusion either melts or becomes sufficiently ductile such that 

20 it can be drawn compatibly with the polymer to form a continuous length of optical 
fibre incorporating the inclusion. 

In the third aspect of the invention, a second material in the form of a liquid is 
included in a polymer preform, which is then drawn to form the optical fibre. One or 
more holes are formed at predetermined locations in a preform. The preform is formed 

25 from an optically suitable polymeric material, such as for example 

polymethylmethacrylate. Preferably the preform is a unitary polymer body. The 
hole(s) may be formed in the polymer preform by a number of techniques, including 
drilling or casting. Typically the hole(s) are round, although alternative cross-sections 
are possible. The hole(s) extends through the preform in the direction in which the 

30 preform is to be drawn. The liquid material is preferably photo-curable so that it may 
be cured to a solid after the drawing of the fibre. Such liquids may include, for 
example, dyes, liquid crystals, electro-chromic materials, magneto-optic materials, 
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metallic nano-particles, chiral materials, or other polymeric materials that can be 
photo-cured subsequent to drawing. One example of a photo-curable polymeric 
material which has potential application in this invention for the production of 
relatively low loss optical fibres is Inorganic Polymer Glass™ (IPG™), a highly 

5 stable, inorganic polymer material developed by RPO Pty Ltd of Sydney, Australia. 

Is to be noted that to ensure suitable results, care must be taken in the choice of 
liquid so that it is immiscible in the polymer and has a boiling point higher than the 
drawing temperature. Furthermore, depending upon the compatibility of the second 
material with the polymer from which the preform is made there may be a need to use 

10 an interface material so as to assist with the adhesion and/or wetting of the two 
materials. This interface material may be added to the hole surface in the preform 
prior to the addition of the photo curable material. 

Advantageously, the technique of incorporating a liquid into a cavity in a 
polymer preform and then subsequently drawing the preform enables longer 

15 continuous lengths of optical fibre to be produced. Furthermore, in a microstructured 
fibre it is possible to ensure that the liquid is accurately placed in certain, 
predetermined cavities and not in others. 

Furthermore, this technique affords improved thermal and mechanical stability 
in the resulting fibre. It also avoids the problems of relaxation of the host polymer 

20 material into a different shape and the diffusion of the differing materials. 

A further advantage arising from the second material being introduced into the 
polymer preform in a liquid phase is that if the second material is poled whilst in a 
liquid phase, either by the application of electrical or magnetic fields, and the second 
material is subsequently cured, the orientations formed in the second material will 

25 remain stable. 

In the fourth aspect of the invention, an elongated inclusion is located within a 
hole in a polymeric preform. The remaining void of the hole is filled with the photo- 
curable liquid and then the preform is drawn. The fibre is then subjected to a photo- 
curing step so as to set the liquid material to a solid. This permits inclusions such as 
30 glass cores or wires which can be completely surrounded by polymer material so that 
there are no voids in the optical fibre. 
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In the fifth aspect of the invention, after a fibre core has been drawn an outer 
layer of material, incorporating one or more inclusions, is cast around the fibre core. 
In the case of a microstructured fibre, the drawn fibre comprises the core and 
microstructure. It is to be noted that any polymeric material applied after the core of 

5 the fibre has been drawn must be applied in such a way that the mechanical or optical 
properties of the fibre are not compromised. For example, the wrong choice of 
polymer system may result in the applied polymer solution being soluble in the 
polymer used in the fibre. If this were the case then the applied polymer would then 
tend to dissolve the fibre around which it was applied. For this reason, it is preferable 

10 that a photo-curable system be applied, so that the applied polymer is polymerised 
without damage to the fibre, as occurs in the application of the polymer "jacket" in the 
normal drawing process. A "jacket" of this kind can be used to include wires and 
other materials. A potential limitation of this process is that because of the need to 
apply it after the fibre has been drawn, the distance of the inclusion from the core may 

15 be limited by the diameter of fibre that can be reliably drawn. 

There are a number of advantages and potential applications for polymer 
optical fibres which incorporate inclusions of a second material. These include: 

(i) By incorporating fine elongated metallic inclusions into an optical fibre 
it is possible to modify the refractive index characteristics of the fibre. 

20 More particularly, it is possible to design and manufacture a polymer 

optical fibre with a particular desired refractive index profile. 

(ii) By incorporating fine elongated metallic inclusions into the optical 
fibre it is possible to increase the nonlinear optical behaviour of the 
fibre by increasing the local electric field density, although care needs 

25 to be taken to keep losses at acceptable levels. 

(iii) By incorporating helical inclusions of electrically conductive material 
into an optical fibre magneto-optic effects can be created. The helicity 
of a metallic wire inclusion will cause it to act as a solenoid when an 
electric current is passed through it. This can then be used to create 

30 magneto-optic effects, which are essential for applications such as 

optical isolators. Wire coils may be made by spinning a fibre with wire 
inclusions, or by coiling a wire around the core of a fibre and 
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subsequently applying an outer jacket of material, such a photo-curable 
polymer. 

(iv) Incorporation of materials to obtain specific effects such as low optical 
loss or active components. There are a number of materials that could 

5 be usefully incorporated in polymer fibres, which however cannot be 

drawn compatibly the polymer. For example, it may be advantageous 
to incorporate a low-loss glass core in a microstructured polymer fibre. 
This would allow the polymer to be used to obtain the hole structure of 
~ choice, while using the glass in the core to obtain low loss. The 

10 significantly higher processing temperatures for glasses mean that glass 

and polymers cannot normally be drawn together. More generally it 
may be useful to include in a polymer fibre some material that has an 
incompatible rheology. This might include a fibre or capillary 
containing an active element such as dispersed species (atomic or 

15 molecular) or an incompatible polymer. 

(v) By incorporating inclusions into the polymer body in a predetermined 
manner, it is possible to modify the material stresses within the 
resulting optical fibre so as to achieve desired optical characteristics. 
For example, material stresses or physical deformation of the wave- 

20 guide structure can enhance desirable birefringence. 

Although the invention has been described with reference to specific examples, 
it will be appreciated by those skilled in the art that the invention may be embodied in 
many other forms. 



25 
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CLAIMS 

1 . A method of forming a polymer optical fibre, said method comprising forming 
one or more holes at predetermined locations in a polymeric preform, locating an 
elongated inclusion in said one or more holes, and subsequently drawing said preform 

5 to form a length of polymer optical fibre including said inclusion. 

2. The method of forming a polymer optical fibre as claimed in claim 1 , wherein 
a plurality of holes are formed at predetermined locations in the polymeric preform. 

3. The method of forming a polymer optical fibre as claimed in claim 1 or 2 
wherein said hole(s) extends through the preform in the direction in which the preform 

10 is to be drawn. 

4. A method of forming a polymer optical fibre, said method comprising forming 
one or more holes at predetermined locations in a polymeric preform, inserting a 
relatively low melting point metal into said one or more hole(s), and subsequently 
drawing said preform to form a length of polymer optical fibre including said metal. 

15 5. The method of forming a polymer optical fibre as claimed in claim 4 wherein 
said low melting point metal is indium or gallium. 

6. The method of forming a polymer optical fibre as claimed in claim 4 wherein 
the metallic inclusion is incorporated into the preform by casting. 

7. The method of forming a polymer optical fibre as claimed in claim 4 wherein 
20 the metallic inclusion is incorporated into the preform by injection. 

8. The method of forming a polymer optical fibre as claimed in any one of claims 
1 to 7 wherein elongated metallic inclusions are incorporated into the optical fibre so 
as to modify the refractive index of the fibre. 

9. The method of forming a polymer optical fibre as claimed in any one of claims 
25 1 to 8 wherein elongated metallic inclusions are incorporated into the optical fibre so 

as to increase the nonlinear optical behaviour of the fibre by increasing the local 
electric field density. 

1 0. The method of forming a polymer optical fibre as claimed in any one of claims 
1 to 9 wherein the elongated metallic inclusion comprises a helically wound 

30 electrically conductive material. 
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1 1 . The method of forming a polymer optical fibre as claimed in any one of claims 
1 to 10 wherein said elongated inclusions act as stress inducing elements in the 
optical fibre to achieve desired optical characteristics. 

12. A method of forming a polymer optical fibre, said method comprising forming 
5 one or more holes at predetermined locations in a polymeric preform, inserting a 

liquid material in said one or more hole(s), and subsequently drawing said preform to 
form a length of polymer optical fibre including said liquid material. 

13. The method of forming a polymer optical fibre as claimed in claim 12 wherein 
said liquid material is photo-curable. 

10 14. The method of forming a polymer optical fibre as claimed in claim 13 wherein 
said liquid material is photo-cured to a solid after the drawing of the preform. 
15. The method of forming a polymer optical fibre as claimed in claim 12 wherein 
said liquid material is immiscible in the polymer and has a boiling point higher than 
the drawing temperature. 

15 16. The method of forming a polymer optical fibre as claimed in claim 12 wherein 
said liquid material includes dyes, liquid crystals, electro-chromic materials, or 
polymeric materials that can be photo-cured subsequently to drawing. 

17. A method of forming a polymer optical fibre, said method comprising forming 
a hole at a predetermined location in a polymeric preform, locating an elongated 

20 inclusion in said hole, filling the remaining volume of the hole with a photo-curable 
liquid, drawing said preform to form a length of optical fibre including said inclusion, 
and curing the photo-curable liquid so that the inclusion is integrated with the 
polymer. 

18. The method of forming a polymer optical fibre as claimed in claim 17 wherein 
25 said elongated inclusion is metallic and is chosen and located in said preform so as to 

modify the refractive index of the resulting fibre in a predetermined manner. 

19. The method of forming a polymer optical fibre as claimed in claim 17 wherein 
said elongated inclusion is metallic and is chosen and located in said preform so as to 
increase the nonlinear optical behaviour of the resulting fibre. 

30 20. The method of forming a polymer optical fibre as claimed in claim 1 7 wherein 
said elongated inclusion is chosen and located in said preform so as to act as a stress 
inducing element and achieve desired optical characteristics in the resulting fibre. 
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21. The method of forming a polymer optical fibre as claimed in claim 1 7 wherein 
the inclusion is a metallic helical wire. 

22. The method of forming a polymer optical fibre as claimed in claim 17 wherein 
the inclusion is a low-loss glass core. 

5 23. A method of forming a polymer optical fibre, said method comprising forming 
a fibre core, and subsequently casting a second material around said core to form the 
optical fibre. 
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